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Introduction
TilaPia has become the second most important finfish in aquaculture after carps with global production reaching 3.6million tons in 2008 an increase from 2.S million tons in 2007 (Megbowon, 2011). Because of their large size, rapidgrowth, and palatability, a number oftilapiine cichlids are at the focus of major aquaculture efforts. The main species
culturedin ponds, cages and pens is the Nile tilapia (Oreochromis niloticus). The problem with this fish is their early matu-
rationand ability to breed every month. These characteristics result in the overpopulation of stocked tilapia ponds and the
stuntingof growth because of the crowding of the fish (Fashina-Bombata and Megbowon, 2012). Another problem associated
withamixedsex of tilapia is the sizes of the fish at harvest, varying from small to large due to the faster growth of males. This
makesitmore difficult to establish uniformity of product. For producers wanting high yields of large-sized fish in 6 months,
allmale fry are preferred.
In 1960,only two countries in Africa had record of tilapia production. They were Egypt (2,100 MT) and Nigeria
(1,299MT)(El-Sayed, 2006). It is however sad today, that tilapia production in Egypt exceeds SOO,OOOMTwhile Nigeria
producesabout SO,OOO MT (FDF, 2007). Presently, the local demand of tilapia inNigeria is high but farmers lack the techni-
cal skill of producing large size of the fish under culture condition (Megbowon et aI., 2009, Megbowon, 20 11). The success
of tilapia production in Egypt stemmed from the drive to ensure monosex male production through sex reversal using 17a
methyltestosterone.Methyl testosterone treatment oftilapia fry is the most simple and reliable way to produce all male tilapia
stocks,which consistently grow to a large/more uniform size than mixed sex tilapia.
All male culture oftilapia is preferred because of their faster growth than females (Megbowon, 2010). Production of
all male tilapia can be accomplished by such techniques as separating the males and females manually, hybridization, chro-
mosomalmanipulation and hormonal sex reversal. The most efficient and least expensive method is sex reversal with the use
of 17a -methyltestosterone. There is however a global concern of the effect of this steroid on the fish flesh, consumers (man)
and the environment (water bodies into which effluent is released) which forms the basis ofthis review.
Summary
Tilapiais the second leading aquatic crop globally, next to carps and its production has increased tremendously within the last decade.
Its production is however affected by stunting, a phenomenon brought about by overpopulation due to precocious reproduction under
mixedsex culture system. Several methods such as use of predatoryfish, hybridization, polyploidy and sex reversal, using methyl tes-
tosteronehave been employed with different degrees of success. This paper reviews the use of methyl testosterone in sex reversal of
tilapiaand its consequent effects onfish, man and environment. It established thepreference of all-male tilapia due to better and more
uniformgrowth under culture system. It has been demonstrated that the hormone does not have any adverse effect onfishflesh after
cessationof treatment of tilapia fry· In like manner, ingestion offish produced by sex reversal does not therefore harm man. However,
one is not too sure of the effect of the hormone or it's by- products on vital organs (liver, kidney,pancreas and gills), metabolic profile
andnucleic acids. This may also affect muscle building and perceived libido-enhancement in man. On the envir0a..ment,the steroid is
eitherbiodegraded or mineralized. It must be stated that escapeefrom tilapia hatchery into the natural water may, however, alter the
dynamicsof the environment due to unforeseen consequences.
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> - - l R i s k o f M T o n t i l a p i a c o n s u m e r : R e s e a r c h f i n d i n g s h a v e c o n s i s t e n t l y s h o w n t h a t s e x r e v e r s i n g t i l a p i a w i t h M T d o e s
t r 1
o n o t l e a d t o a c c u m u l a t i o n o f t h e h o r m o n e i n t h e f i s h f l e s h a f t e r c e s s a t i o n o f h o r m o n e t r e a t m e n t ( M e g b o w o n , 2 0 1 1 ) . J o h n s t o n e
2 e t a l . ( 1 9 8 3 ) r e v e a l e d t h a t w h o l e f i s h b o d y l e v e l s o f M T w e r e n o t d e t e c t a b l e 1 0 0 h o u r s a f t e r w i t h d r a w a l o f t h e h o r m o n e t r e a t e d
o d i e t . G u e r r e r o ( 2 0 0 8 , ) f u r t h e r r e p o r t e d t h a t h o r m o n e l e v e l s i n t i l a p i a f a l l s t o n o r m a l l e v e l f i v e d a y s a f t e r h o r m o n e f e e d i n g
t " "
o w a s s t o p p e d . B a s e d o n t h e s e a n d o t h e r s c i e n t i f i c e v i d e n c e s , i t c l e a r t h a t M T i s r a p i d l y r e m o v e d f r o m f i s h a n d w i l l n o t p e r s i s t
~ a f t e r s e v e r a l m o n t h s o f c u l t u r e t o m a r k e t s i z e . A c o n c l u s i o n c a n b e d r a w n t h a t t h e q u a n t i t i e s o f M T e a t e n b y t i l a p i a d u r i n g s e x
i n v e r s i o n / r e v e r s a l ( f r y t r e a t m e n t ) i s e q u i v a l e n t o f O . 0 - 0 . 2 m g M T / f i s h r e p r e s e n t l e s s t h a n 0 . 0 0 1 % o f t h e t y p i c a l d a i l y d o s a g e
o f M T p r e s c r i b e d i n h u m a n m e d i c i n e ( 2 0 - 4 0 m g ) a n d t h a t e v e n t h i s m i n u t e q u a n t i t i e s d e c l i n e s t o l e s s t h a n 0 . 0 0 0 0 1 % o f t h e
d a i l y h u m a n d o s a g e a w e e k a f t e r c e s s a t i o n o f h o r m o n e t r e a t m e n t . I t h a s b e e n r e p o r t e d t h a t t h e t e s t e s o f a n a d u l t m a n r e l e a s e s
a b o u t 1 5 m g o f e n d o g e n o u s t e s t o s t e r o n e p e r d a y w h i l e a b o u t 1 0 m g o f a n d r o g e n a r e e x c r e t e d d a i l y ( S h o r e a n d S h e m e s h , 2 0 0 3 ) .
T h e s e d o n o t h a r m m a n .
T h e s h o r t t r e a t m e n t d u r a t i o n a n d r a p i d m e t a b o l i s m o f M T h e l p e n s u r e t h a t t i l a p i a i s f r e e o f M T b e f o r e f i s h r e a c h t h e
c o n s u m e r . D i g e s t e d M T i s r a p i d l y m e t a b o l i z e d a n d e x c r e t e d . T h i s r a p i d m e t a b o l i s m a n d e x c r e t i o n o f M T b y a f i s h t r e a t e d
e a r l y i n i t s l i f e h i s t o r y , c o m b i n e d w i t h t h e e x t e n d e d p e r i o d n e e d e d t o p r o d u c e a m a r k e t a b l e s i z e f i s h r e s u l t s i n a s a f e c o n s u m e r
p r o d u c t .
H o w e v e r , a s N i g e r i a i s b e g i n n i n g t o s e e t h e n e e d t o i n v e s t i n t i l a p i a c u l t u r e a n d t h e d r i v e f o r s e x r e v e r s a l i s o n t h e t o p
g e a r t o i n c r e a s e t i l a p i a p r o d u c t i o n , t h e r e m a y b e n e e d f o r c a u t i o n . A l t h o u g h m a n y w o r k e r s h a v e r e p o r t e d t h a t t h e h o r m o n e
i s n o m o r e d e t e c t i b l e i n t h e m u s c l e o f t h e f i s h a f t e r t w o m o n t h s o f c e s s a t i o n o f t h e h o r m o n e t r e a t m e n t , i t i s n e c e s s a r y t o l o o k
b e y o n d t h e m u s c l e a n d e x a m i n e s o m e v i t a l o r g a n s s u c h a s t h e l i v e r a n d g i l l s w h i c h h a v e t h e p ~ p e n s i t y t o a c c u m u l a t e s u b -
s t a n c e s . F u r t h e r m o r e , t h e p r o d u c t o f b i o d e g r a d a t i o n l m i n e r a l i z a t i o n o f M T s h o u l d b e a s s a y e d f o r p o s s i b l e e f f e c t o n t h e o r g a n s
a n d m e t a b o l i c p a r a m e t e r s .
E f f e c t o f M T o n T i l a p i a c u l t u r i s t : T i l a p i a c u l t u r i s t s p u r c h a s e c o m m e r c i a l l y a v a i l a b l e a n d r o g e n i n p o w d e r o r t a b l e t
f o r m . T h i s h o r m o n e i s u s u a l l y a d d e d t o p o w d e r e d t i l a p i a f e e d w h i c h t h e c u l t u r i s t o f f e r s t o t i l a p i a f r y m a n y t i m e s p e r d a y d u r -
i n g s e x r e v e r s a l u s i n g h o r m o n e t r e a t m e n t ( F A O , 2 0 0 6 , G u e r r e r o , 2 0 0 8 ) . T h e c u l t u r i s t o r h i s w o r k e r s m a y c o m e i n t o c o n t a c t
w i t h t h e h o r m o n e i n t w o w a y s : ( I ) w h e n i t i s a d d e d t o t i l a p i a f r y f e e d a n d ( 2 ) w h e n M T t r e a t e d f e e d i s a d m i n i s t e r e d t o t i l a p i a
f r y i n h a t c h e r y t a n k s . T h e h a z a r d t o f i s h f a r m w o r k e r c a n b e m i n i m i z e d b y f o l l o w i n g t h e s t a n d a r d f o r h a n d l i n g s u c h s u b -
s t a n c e s ( O S H A , 2 0 0 8 , S y n d e l , 2 0 0 8 ) . U s e o f p r o t e c t i v e s u r g i c a l g l o v e s a n d f a c e m a s k a r e s t r o n g l y r e c o m m e n d e d t o r e d u c e
t h e r i s k o f i n h a l a t i o n o f t h e h o r m o n e o r e n t r y t h r o u g h t h e s k i n c o n t a c t .
A l t h o u g h t h e u s e o f M T i n c o m m e r c i a l t i l a p i a p r o d u c t i o n i s b e c o m i n g m o r e a n d m o r e c o m m o n g l o b a l l y , t h e r e h a s n o t
b e e n a n y r e p o r t o f a d v e r s e e f f e c t o n f a r m w o r k e r s . A m o r e l i k e l y h a z a r d t h a t m a y a r i s e f r o m i n t e n t i o n a l i n g e s t i o n o f M T b y
s t a f f i s t h e w e l l r e c o g n i z e d a n a b o l i c ( m u s c l e b u i l d i n g ) a n d p e r c e i v e d l i b i d o - e n h a n c i n g p r o p e r t i e s o f t h e h o r m o n e .
E f f e c t o f M T o n t h e e n v i r o n m e n t : T h e r e i s a n i n c r e a s i n g c o n c e r n a b o u t t h e i m p l i c a t i o n o f p h a r m a c e u t i c a l a c t i v e c o m -
p o u n d s s u c h a s h o r m o n e s w h e n e f f l u e n t ( w a s t e w a t e r ) i s d i s c h a r g e d i n t o t h e e n v i r o n m e n t ( H e b e r e r , 2 0 0 2 ) . I f a l l t h e p r o j e c t e d
t i l a p i a p r o d u c t i o n i n 2 0 1 0 o f 3 m i l l i o n t o n s w a s p r o d u c e d t h r o u g h M T t r e a t e d f i s h , t h e h o r m o n e u s e d w o u l d n o t h a v e b e e n
m o r e t h a n 1 0 0 k g . I n c o m p a r i s o n , 3 3 t o n s o f e s t r o g e n a n d 7 . 1 t o n s o f a n d r o g e n a r e e x c r e t e d a n n u a l l y b y f a r m a n i m a l s i n t h e
E u r o p e a n U n i o n a n d 4 9 a n d 4 . 4 t o n s r e s p e c t i v e l y i n U S A ( L a n g e e t a I . , 2 0 0 2 ) . W a s t e w a t e r d i s c h a r g e f r o m t i l a p i a h a t c h e r y
f a c i l i t i e s r e p r e s e n t o n l y a t i n y f r a c t i o n o f t h e t o t a l w a s t e d i s c h a r g e i n t o t h e e n v i r o n m e n t b u t n o n e t h e l e s s , a p r e c a u t i o n a r y
a p p r o a c h s h o u l d b e t a k e n . L a g o o n a n d o t h e r n a t u r a l w a t e r s a r e k n o w n t o b e h i g h l y e f f e c t i v e i n r e d u c i n g c o n c e n t r a t i o n o f
p h a r m a c e u t i c a l c o m p o u n d s v i a a c o m b i n a t i o n o f p h o t o l y s i s , p l a n t u p t a k e , m i c r o b i a l d e g r a d a t i o n a n d s o i l r e s o r p t i o n ( W h i t e
e t a I . , 2 0 0 6 ) . S t e r o i d h o r m o n e i n w a t e r a r e q u i c k l y a b s o r b e d i n t o s e d i m e n t s o r r e d u c e d t o i n o r g a n i c c o m p o u n d t h r o u g h m i n -
e r a l i z a t i o n ( S h o r e a n d S e m e s h , 2 0 0 3 ) . F o r i n s t a n c e ; b i o - s o l i d s f r o m m u n i c i p a l s e w a g e t r e a t m e n t p l a n t w e r e f o u n d t o r a p i d l y
m i n e r a l i z e a d d e d t e s t o s t e r o n e , e q u i v a l e n t t o i t s m o r e t h a n 9 0 % r e m o v a l f r o m t h e a q u e o u s p h a s e w i t h i n 2 4 h o u r s ( L a y t o n e t
a I . , 2 0 0 0 ) .
O n e m a j o r c o n c e r n t h e r e f o r e t o t h e e n v i r o n m e n t i s t h e t i l a p i a e s c a p e e . T i l a p i a f r y t h a t e s c a p e f r o m h a t c h e r y f a c i l i t i e s
w h e r e M T i s a d m i n i s t e r e d w i l l b e m o r p h o l o g i c a l l y m a l e a n d c o n s e q u e n t l y , t h e y w i l l h a v e m u c h l o w e r p o t e n t i a l t o r e p r o d u c e ,
I l l . E n v i r o n m e n t .
i i .
R i s k o n t i l a p i a c o n s u m e r s ( m a n )
T i l a p i a c u l t u r i s t
1 .
T h e h a z a r d a s s o c i a t e d w i t h t h e a d m i n i s t r a t i o n o f M T i n t h e c u l t u r e o f t i l a p i a c a n b e g r o u p e d i n t o t h r e e -
I n t i l a p i a , s e x r e v e r s a l i n v o l v e s t h e t r e a t m e n t a d m i n i s t r a t i o n o f m a l e s t e r o i d t o r e c e n t l y h a t c h e d f r y s o t h a t t h e u n d i f f e r e n t i a t e d
g o n a d a l t i s s u e o f g e n e r i c f e m a l e d e v e l o p s t e s t i c u l a r t i s s u e , t h u s f u n c t i o n i n g r e p r o d u c t i v e l y a s m a l e s ( M e g b o w o n e t a ! . , 2 0 0 9 ) .
H o w e v e r , s e x r e v e r s a l o f t i l a p i a s h o u l d c o n s i d e r f o o d s a f e t y a n d e n v i r o n m e n t a l i s s u e s a s s o c i a t e d w i t h t h e u s e o f s t e r o i d s . I t
~
i s t h e o b l i g a t i o n o f t h e p r o d u c e r t o e n s u r e t h a t t h e p u b l i c r e c e i v e t h e h i g h e s t q u a l i t y f i s h p r o d u c t s u s i n g t e c h n i q u e s t h a t h a v e
' T j m i n i m u m a d v e r s e e f f e c t s o n m a n a n d t h e e n v i r o n m e n t . I n s o m e c o u n t r i e s , r e s t r i c t i o n s e x i s t o n t h e s a l e o f h o r m o n e t r e a t e d f i s h
~ u n l e s s i t i s p r o v e n t h a t t h e r e a r e n o r i s k s t o h u m a n h e a l t h f r o m c o n s u m i n g t h e m . W h e n s u c h r e s t r i c t i o n s a r e i n p l a c e , t h e r e i s
: : z : : a p r o b l e m c r e a t e d f o r t h e m a r k e t e r s o f f i s h t r e a t e d w i t h h o r m o n e d r u g s . F o r i n s t a n c e m a r k e t i n g o f t r e a t e d f i s h i s i l l e g a l i n t h e
G )
t r 1 E U c o u n t r i e s a n d i n I n d i a ( W h i t e e t a I . , 2 0 0 6 ) .
2 :
t r 1
> - - l
. . .
o
f J l
E f f e c t s o f m e t h y l t e s t o s t e r o n e ( M T ) o n f i s h , m a n a n d e n v i r o n m e n t .
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Conclusion
including interbreeding with wild stock and this may alter the dynamics of the ecosystem. It is well established that reproduc-
tive potential of tilapia production is determined by the number of reproductively active females rather than the number of
males.MT treatment eliminates the reproductive capacity of virtually all genetically female fish (Shore and Shemesh, 2003).
Furthermore, It has been shown that MT could accumulates in sediments of ponds, reaching 2 to 6 ug /g at 28 days
after the onset of feeding with MT-impregnated food, and remained detectable in the soil between 2.8 and 2.9 Ilg/g after 84 ~
days (eight weeks after ending treatment with MT-impregnated food), which demonstrated persistence of MT in soil for >t1
nearly three months after cessation of treatment (Contreras- Sanchez et al., 2000; Fitzpatrick et at, 2000). If this effluent is ~
released into our natural waters, it may have a far-reaching effect of possibly sex reversing some natural population, thus alter- :I:
ing the sex dynamics of the stock, producing more males than female which on the long run may lead to recruitment failure ~
(Megbowon, 2011). ~
o-i.....
o
Production of male tilapia through the use of androgens is very effective. It does not require that a portion of the production ;
be discarded as in manual selection, or that 2 separate stocks offish be maintained as in hybridization. There are several seed til
production techniques adaptable to most scales of production. The relative ease and predictability of tilapia sex reversal has 0
been a major factor in the rapid growth of the industry.Although a variety of hormones have been used for sex reversal, 17 ;;:l
u- methyl testosterone is the most commonly used androgen. Dose rate and treatment durations vary depending on the envi- C"l
ronment and the experience of the producer. ~
It has been demonstrated that the hormone does not have any adverse effect on fish flesh after cessation of treatment g
oftilapia fry. Ingestion offish produced by sex reversal does not equally harm man. However, one is not too sure of the effect 0
c;')of the hormone or its bye products on vitalorgans (liver, kidney, pancreas and gills) metabolic profile and nucleic acids. On ><
the environment, the steroid is either biodegraded or mineralized. Itmust be stated that escapee from tilapia hatchery into the
naturalwater may alter the dynamics of the environment due to unforeseen consequences
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